Sodium montmorillonite (Na-MMT) was modified with various type of diamine surfactants. The modification imparts hydrophobic characters of MMT, thus enhancing its compatibility and dispersibility in polymer matrix. In this research, pristine MMT was modified with three types of diamine surfactants, namely, 1,3 diaminopropane (DAP), 1,8 diamino octane (DAO) and 1,5 diamino-2-Methyl pentane (DAMP). These diamines have different molecular structures where DAP has a short linear structure, DAO has eight carbons while DAMP has a methyl branch on its backbone. The modification was carried via cationic exchange process. X-ray diffraction (XRD) analysis showed the enhancement of d-spacing of MMT galleries and the formation of intercalated structure with the incorporation of diamines. Overall, type of diamines did not give significant effect on the d-spacing values with DAMP-MMT exhibited a slightly higher dspacing at 13. 36 Å. The presence of methyl branch on the DAMP backbone was thought provide more spacing for the diamine to intercalate through the MMT gallery. Meanwhile, the detection of -NH bending amine group at 1470 cm -1 on the Fourier infrared (FTIR) spectra, corresponding to the free surfactant tail, had confirmed the successfulness of cationic exchange reaction between the diamines and MMT surface.
Introduction
Montmorillonite has been used in many polymer nanocomposite systems due to its special characteristics such as high surface area, high swelling and retention capacities for ion and water, as well as high cation exchange capacity (CEC) [1, 2] . The ability of interlayer structure of MMT to undergo modification with organic materials via ionic exchange reactions have opened wide area of applications for modified MMT such as an adsorbent in wastewater treatment, thickener in coating products and drilling fluids in petroleum industries [3] . In polymer system which is hydrophobic, MMT must be modified with surfactants such as inorganic ammonium salt and diamines in order to enhance its hydrophobic property, thus increasing its compatibility and dispersibility across the polymer matrix [4] . High compatibility of the compound in a composite leads to greater specific surface area, thus allowing the ingredients to be more contacted with each other. Low compatibility causes agglomeration and coagulation of the MMT particles in polymer matrix.
In this research, 3 types of diamine surfactants with different molecular structures were employed to modify the MMT. Diamine surfactants were chosen due to the possibly higher ability to react with silicate interlayer of MMT, owing to two amine functional groups attached on their molecular structures if compared with the ordinary amine surfactant like octadecyl amine [5] . The effects of type of diamines on the d-spacing of MMT and thermal property were the main interest. X-ray powder diffraction (XRD) and thermal gravimetry analysis (TGA) were employed to measure the effects. Fourier transform infrared (FTIR) spectrometry was used to determine the successfulness of the modification process.
Methodology
Materials. Sodium montmorillonite Na-MMT (K10) with a cationic exchange capacity (CEC) of 80-90 mequive/(100) was supplied by Sigma Aldrich. 1,3 diaminopropane (DAP), 1,8 diamino octane (DAO) and 1,5 diamino-2-Methyl pentane (DAMP) were purchased from Merck Sdn Bhd. Hydrochloric acid was obtained from Fischer Scientific. All materials were used without further purification.
Clay modification. A 25 g of pre-washed Na-MMT was suspended and stirred in 1 L Erlenmeyer flask of distilled water overnight. Later, the suspension was heated to 80 0 C prior to dropwise addition of an aqueous solution of ammonium salt (30 mml diamine surfactant in 100 ml water), followed by neutralizing with hydrochloric acid. The solution was stirred for 3 h at 60 °C. Organically modified MMT was precipitated and washed several times with water until no acid was detected in KOH titration. Later, the precipitated MMT was collected and dried in oven. The formulation of MMT modification is shown in Table 1 . Fourier Transform Infrared Spectroscopy (Perkin Elmer 180) in range of 400-4000 cm -1 with interferometer of 0.2cm -1 was used to determine the functional group of the modified-MMT. X-ray powder diffraction test (Siemens Diffractometer D5000, 2θ range of 2-12° using Cu K radiation) was performed to measure the d-spacing (interlayer spacing) of organo-modified MMT. 
Result and Discussion
Fourier Transform Infrared Spectroscopy (FTIR). The absorption spectra of Na-MMT, DAP-MMT, DAO-MMT and DAMP-MMT was shown in Fig. 1 . Na-MMT was characterized by OH stretching vibration that was observed at 3447-3624 cm -1 regions, while the band in 1638 cm -1 was attributed to OH bending vibration. The band in the 1040 cm -1 was ascribed to Si-O stretching vibration, while Si-O and Al-O bending vibrations were detected at 400-600 cm -1 regions. It can be seen that all modified MMTs kept all the characteristics absorption band of Na-MMT. C-H stretching vibrations of surfactant alkyl chain were observed slightly at 2926 and 2853 cm -1 , respectively. The band detected at 1470 cm -1 was ascribed to N-H bending of amine on the surfactant tail. These peaks were clearly observed for all modified MMT which proven the successfulness of cationic exchange reaction between surfactant and MMT interlayers. X-Ray Diffraction. Fig. 2 shows the XRD patterns of Na-MMT and modified MMTs. A diffraction of Na-MMT was appeared at 2θ = 8.9, corresponding to the d-spacing of 9.93, which was similar to the work done by Zulfiqar et al. (2009) [6] . The interaction between the montmorillonite and the diamines led to a shift of the d-spacing of the diffraction peak of Na-MMT towards lower 2θ values (from 8.9 to aveage 6.67), implying the expansion of the interlayer spacing due to the intercalation of diamines between the MMT galleries. The similar behaviours were seen in all modified MMTs, which exhibited the increase of d-spacing values from 9.93 Å to the average values at 13.23 Å, as shown in Table 2 . However, the analysis also showed that type of diamines did not give significant effect on the d-spacing of the MMT with DAMP-MMT exhibited a slightly higher d-spacing at 13. 36 Å. The present of methyl branch on the DAMP backbone was thought provide more spacing for the diamine to intercalate through the MMT gallery. 
Conclusion
Na-MMT was modified using three different types of diamine surfactants. It was found that the modifications had increased the d-spacing of MMT silicate layer as shown by XRD analysis. Overall, types of diamines did not give significant effect to the d-spacing values with DAMP-MMT exhibited a slightly higher d-spacing at 13. 36 Å. Meanwhile the detection of amine free tail at 1470 cm -1 for all modified MMTs confirmed the successful of the cationic exchange reaction between the MMT and diamine surfactants.
